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Our Collaborative Development Process
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Enabling Technologies: DIAS and FACET
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The DIAS Modeling Paradigm
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More on Key DIAS Design Features
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FACET: Characteristics of Societal Processes
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Basic Structure of FACET Models
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Scope and Scale of Simulations
SCOPE: Individual small settlements up to whole regions (> 100 km)

SCALE: Entity-Level Resolution and Granularity
• Individual households and persons as independent social agents
• Individual crop fields, domesticated fauna

SCALE: Process and Temporal Resolution
• Daily weather, hydrologic and soil processes, vegetation dynamics
• Daily to sub-daily (hours, minutes) tracking of detailed household tasks 

and social interactions
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ENKIMDU Simulation Representation of Key 
Domain Objects and Their Dynamic Behaviors
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Temporal Texture of Modeled 
Concurrent Natural and Societal Processes
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Example of a Simulated 
Natural / Social Process Interaction
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Composition of Household Agent Objects
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Demographic and Kinship-Based Social 
Processes Simulated in ENKIMDU

• Population generator: based on attested demographic models for 
ancient Mediterranean populations; Household characteristics from 
census data for Roman Egypt

• Modeled Processes:
- Birth rates
- Death probabilities by age, gender
- Household structure: five major types: 

Multiple, Extended, Nuclear, Unrelated, Solitary
- Age- and gender-dependent person role changes
- Marriage
- Inheritance
- Household restructuring and evolution; fission and aggregation
- Kin-gifts of food and labor
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Subistence-Based Social Patterns: 
Household Agricultural and Pastoral Tasks

Agriculture
• Household crop fields owned or assigned by community lottery (mushá). 

• Attempt to grow grain if possible; try to overproduce safety margin.

• Households form task-specific work crews for crop tasks: clear and level 
the field, plow, sow, weed and maintain, harvest, and process harvest for 
storage.

Pastoralism
• Multi-household Herding Cooperative agents manage daily tasks: assemble 

herd, drive it to/from pasture, disperse it to its households. Herd sizes 
generally 100 to 300 animals. 

• Livestock consumption: feasts, herd culling, and as a last-ditch coping
measure. Dairy products also consumed daily.
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Household Agents’ Agricultural Social Pattern Models
Planting a barley crop: a household coping response to perceived future food stress

These two models are implemented using Argonne’s FACET framework
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Household Perceptions: Food Sufficiency
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Household Perceptions: Food Stress

Define Stress(N days) =  
1 – Sufficiency(N days) 

… but not < 0.

• Short Term Food Stress =  Max(  Stress( 3 days ), Stress( 10 days ) )

• Medium Term Food Stress =  Max(  Stress( 30 days ), Stress( 100 days ) )

• Long Term Food Stress = Stress( L days )
Where L = number of days till just before harvest after next …
thus ~ 1 to 2 years ahead

A Household’s repertoire of coping responses can be quite 
different for different stress time scales…
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Household Agent Adaptive Behavior Examples
Household agents’ perception of  sustainability stress can drive them 
to initiate complex behavior patterns, as here …
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Exchange
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Northern Mesopotamian Pilot Site: Tell Beydar



23Modeling Ancient Settlement Systems 
with the ENKIMDU Simulation Framework

Anthropogenic Landscapes

Computer Model of Bronze Age Tell Beydar
A reconstruction based on site surveys and regional analogs: 
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ENKIMDU’s Currently Available Output Streams
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Key to Household Diary Results
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Beydar Baseline Run: A Modeled Household’s 
Time History Shows Turbulent Social Dynamics
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Snapshots from Tell Beydar 100-Year Baseline Simulation: 
Households’ Daily Agricultural and Pastoral Activities
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Households’ Daily Agricultural and Pastoral Activities - I
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Households’ Daily Agricultural and Pastoral Activities - II
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Households’ Daily Agricultural and Pastoral Activities - III
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Households’ Daily Agricultural and Pastoral Activities - IV
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Tell Beydar 100-Year Baseline Scenario
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Tell Beydar Scenario Variant Studies

• Chronically recurring harvest blight

• Acute five-year drought

• Chronic farm production bottleneck (plow team availability)

• Corvee episode ( labor shortage at harvest )

• Diphtheria epidemic
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Scenario Variant: Harvest Blight

Chronic stress drove households to more frequent use 
of exchange-based coping mechanisms 

Blight case 
population curve 
is flat: 2% drop 
over 100 years
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Scenario Variant: Severe Drought
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Scenario Variant: Plow Team Bottlenecks

Ratio has little 
impact here …

… but catastrophic
impact at .125

Note the strong aggregate system response 
as a “hidden” resource constraint is reached
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Scenario Variant: Corvee Episode

Much of the 
Year 10 harvest 

was left in the field.

Short-term 
adaptive response: 
increases in grain

transactions, 
liquidation of herds 

How did individual households cope with this dilemma?



38Modeling Ancient Settlement Systems 
with the ENKIMDU Simulation Framework

Anthropogenic Landscapes

“ Two households, both alike in dignity … ”
William Shakespeare, 
Romeo and Juliet, Act I, Scene 1From ENKIMDU Household Diary Output:
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Year 10: The Year of the Corvee Episode

Household 1 has a stronger reserve 
heading into a crisis year …
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Year 11: In the Wake of the Corvee Episode

Household 1 shares its largesse …

… while Household 21 struggles
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Year 14: Aftermath

… Household-level details, more than
aggregate community-level properties, 

decided household sustainability
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Scenario Variant: Diphtheria Epidemic

Stress drove households to 
more and more exchanges:

Settlement population 
growth failed to 
recover, even after 
three generations
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Summary of Stress Scenarios
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Major Ongoing Project Tasks

• Expand studies to sub-region 
and region scale 
in Northern Mesopotamia

• Implement and test 
Southern Mesopotamian 
pilot settlement model

• Strengthen the current agent representation – e.g.: 
- stronger person-level (vs. household-level) agency; 
- agent motivations beyond subsistence; 
- emergence and perpetuation of elites

• New U. of Chicago / Argonne pilot study: modern Thai agroeconomics
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Some Observations

BUILD MODEL TEST & RUN MODEL INTERPRET RESULTS …

The most scientifically valuable part of this process may turn out to be 
the model-building phase!

As we attempt to include more and more complex real-world structures 
and mechanisms within our holistic simulations, we are uncovering 
more and more knowledge gaps -- technical issues that the scientific 
community has never before needed to resolve, and may never even 
have identified before.  Discovering these is a good thing!

It appears that there could be hundreds of worthwhile dissertation topics 
waiting to be discovered in the process of constructing a modeling 
framework such as ENKIMDU. (We’ve found dozens already)
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… And, Finally:
For further information, contact:
John Christiansen
Advanced Simulation Technologies Center
Decision and Information Sciences Division
Argonne National Laboratory
9700 S. Cass Avenue – Bldg. 900
Argonne, Illinois 60439-4832 USA
(630) 252-3291; FAX (630) 252-6073

e-mail: jhc@anl.gov

mailto:jhc@anl.gov
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